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The genome of Mythimna loreyi densovirus (MlDNV) was cloned into the pEMBL(19)+ vector. This clone was infectious upon
transfection, both in LD cells and larvae. The genome possessed ITRs of 543 nucleotides of which the distal 126 nucleotides could form a
hairpin. The nonstructural (NS) and structural (VP) genes were located on the 5V-halves of the complementary strands and their transcripts
started 27 nts downstream of the ITRs. These transcripts had an overlap of 57 nucleotides in middle of the genome. The NS cassette
consisted of three genes with NS1 and the overlapping NS2 downstream of NS3. The NS3 gene was spliced out from a fraction of the NS
transcripts to allow leaky scanning translation of the downstream bicistronic NS1 and NS2 genes. The four VPs were similarly generated
by leaky scanning translation of unspliced mRNA. The 5V-untranslated region of the VP transcript was only seven nucleotides long.
D 2004 Elsevier Inc. All rights reserved.Keywords: MlDNV densovirus; MlDNV sequence; Densovirus transcription; Leaky scanning translation; Bicistronic viral genes; Baculovirus expression;
MlDNV genome organization; Expression strategyIntroduction
About 25 densoviruses (DNVs) have been isolated from
different invertebrate species including at least six insect
orders, shrimps, and possibly crabs (Bergoin and Tijssen,
1998, 2000; Fe´die`re, 2000; Shike et al., 2000; Tijssen and
Bergoin, 1995). The physicochemical properties of these
densoviruses are similar to those of vertebrate parvoviruses,
although they share very little sequence identity (Chapman
and Rossmann, 1993). Consequently, they have been classi-
fied as a separate subfamily, the Densovirinae, within the
family ofParvoviridae (van Regenmortel et al., 2000). So far,
at least three DNV groups have been distinguished, one genus
(Densovirus) containing densoviruses with ambisense
genomes of about 6 kb and long ITRs such as the Junonia
coenia DNV (JcDNV; Dumas et al., 1992; Jousset et al.,
1990) and the densovirus fromGalleria mellonella,GmDNV
(Tijssen et al., 2003), a second genus (Brevidensovirus) of
densoviruses containing 4 kb monosense genomes with0042-6822/$ - see front matter D 2004 Elsevier Inc. All rights reserved.
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(Afanasiev et al., 1991; Boublik et al., 1994) and shrimp
(Shike et al., 2000), and a third genus (Iteravirus) containing
so far the Casphalia DNV (Fe´die`re et al., 2002) and Bombyx
mori densovirus type 1 (Li et al., 2001) that have monosense
5 kb genomes and relatively short ITRs. Some recently
sequenced densoviruses (Thao et al., 2001; van Munster et
al., 2003; Yamagishi et al., 1999) are clearly different from
those designated in these three genera, whereas many other
densoviruses remain unclassified because of the lack of
molecular characterization.
The densovirus from the noctuid maize worm, Myth-
imna loreyi (MlDNV), was isolated in Egypt (Fe´die`re et
al., 1995). This virus is polyspecific and its host range
extends to Spodoptera littoralis, Pectinophora gossypiella,
Sesamia cretica, Chilo agamemnon, and Ostrinia nubilalis
(Fe´die`re, 1996, 2000) and has been isolated from these
species as well. Moreover, this densovirus has been
isolated from insects in several remote oasis, such as in
the Sinai and the Libyan desert. The frequency of isolation
from these pest insects suggests that this virus is an
important component in their control.
A major impediment to the study of densoviruses has
been the lack of a suitable insect cell lines that support the
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goin and Tijssen, 2000). Quiot et al. (1970) and Vago and
Luciani (1965) succeeded in infecting primary cultures of
B. mori ovarian cells and organ cultures of G. mellonella
fat body, ovarioles, and silk glands with GmDNV. Infec-
tion of established lepidopteran cell lines yield at most low
infectivities, without any clearly visible cytopathic effect,
and that could hardly be passaged. A cell line derived from
Spodoptera littura hemocytes (SPC-PL-65) yielded a sig-
nificant initial infection but infectivity decreased rapidly in
serial subcultures (Li et al., 1996). This line has not
survived. On the other hand, many insect cell lines seem
to be persistently infected at very low levels with denso-
viruses (Barreau et al., 1996; Jousset et al., 1993; O’Neill
et al., 1995).
About 10 densoviruses have been sequenced so far (e.g.,
Afanasiev et al., 1991; Dumas et al., 1992; Li et al., 2001;
Thao et al., 2001; van Munster et al., 2003; Yamagishi et al.,
1999). These sequences indicate a wide variety in genome
organization, but like vertebrate parvoviruses they package
single-stranded, linear DNA genomes into 20–25 nm ico-
sahedral capsids and most contain a phospholipase A2
domain that thus far has been identified in parvoviruses,
but not in other viruses (Za´dori et al., 2001). Little is known
about the transcription of densoviruses and no detailed
studies on expression strategies of these viruses have as
yet been published.
Among the densoviruses, only the near-atomic structure
of GmDNV was thus far solved by X-ray crystallography
(Simpson et al., 1998). Some differences were noted with
the structures of vertebrate viruses such as the absence of
loop 4 in GmDNV capsid protein, resulting in a h-annulus
type structure instead of a spike around the threefold axis
(where three capsid proteins are intertwined), and the linear
extension of the hA strand to the neighboring subunit. The
outside of the GmDNV capsid is also much smoother than
that of vertebrate parvoviruses.
We intended in this study (i) to obtain a tissue culture
host that supports MlDNV replication, (ii) to obtain an
infectious clone of the virus, (iii) to determine the genome
organization of MlDNV, and (iv) to investigate the strategy
of transcription and expression. It was found that this virus
has an ambisense genome organization with long inverted
terminal repeats like JcDNV and GmDNV and could be
replicated in LD652 cells. The expression strategy is unique
for parvoviruses of the Densovirus genus and suggested that
MlDNV is a member of this genus. The capsids were also
found to contain a phospholipase A2 domain.Fig. 1. Flow cytometric analysis of noninfected (A) and infected (B)
LD652 cells. Although insect cells give usually a high fluorescence
background, this method gave similar results to immunofluorescence (not
shown) and allowed quantification. A Coulter XL flow cytometer with
EXPO32 software was used (as shown in B: a is natural fluorescence of
cells, b is immunofluorescence due to specific and nonspecific binding, c
is due to specific binding).Results
Infection in vitro
MlDNV was found to be able to infect LD652, SL-52,
and Sf9 cells. The infectivity could be quantified by thenumber of nuclei that were positive at a given time-point
after infection within the plateau phase of the first repli-
cation cycle (here, 36 h) upon indirect immunofluores-
cence assays using rabbit polyclonal antibodies raised
against the purified virus (yielding fluorescent focus units,
ffu). Alternatively, assays by flow cytometry offered an
elegant way to follow the infection. Infectivities of up to
about 15% positive cells could be obtained in LD652 cells
(Fig. 1). Increasing the TCID50 in the inoculum from 10
3
to 105 did not change the proportion of infected cells.
Infected cells were virtually all lysed after 1 week whereas
those that remained were not viable, not immunofluores-
cent-positive, and could not be passed. The number of
viral genome copies started to rise significantly after 48
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milliliter at about 96–120 h as measured by quantitative
MIMIC-PCR. The increase of viral protein, followed by
Western blotting of equivalent amounts of protein, oc-
curred within the same time frame (not shown). The virus
in the supernatant obtained after passaging could be used
for further infections of larvae.
Construction of infectious clones of MlDNV
Virus produced in S. littoralis larvae was purified
using standard methods (Dumas et al., 1992; Tijssen
and Kurstak, 1981). Viral DNA, phenol extracted with
standard methods using high salt concentrations to ensure
annealing of the complementary strands, was blunt-ended
and cloned into HindII linearized pEMBL(19)+. Several
clones were obtained, of which some (pMl27 and pMl28)
contained the expected 6 kb insert and also a larger one
with an 8.4 kb insert (pMl9), the others had small inserts.
These clones were further propagated in Sure2 cells at 30
jC to prevent deletion or recombination. Restriction
analysis showed that the viral genomic inserts in pMl27
and pMl28 were in opposite directions and that pMl9 had
an extra viral genome fragment of 2.4 kb in the opposite
direction from the complete viral genome due to a
cloning artifact.
The infectivity of these clones was tested by transfec-
tion both into S. littoralis larvae and LD652 cell cultures.
The 10-Al inoculum contained cloned viral DNA or viral
DNA as a control, precipitated with DEAE-dextran for
larvae, and with DOTAP for in vitro transfection. About
80% mortality in lots of 50 larvae after 9 days was
obtained for pMl9, pMl28, and viral DNA. The virus thus
obtained could be used for further infections. The pMl27
clone was not infectious. The supernatant obtained 4 days
after transfection of LD652 cells was infectious in larvae
only for viral DNA, pMl9, or pMl28, confirming the
results obtained directly with larvae. Electron microscopy
on extracts from the dead larvae showed the presence of
high concentrations of virus (results not shown).
Sequence and genome organization of MlDNV
The complete sequence of the viral genome of pMl28
was determined for both strands using an ABI310 auto-
matic sequencer. It contained inverted terminal repeats
(ITRs) of 543 nucleotides at one end and 439 nts at the
other. The deletion at this end (compared to the viral
DNA), which may have facilitated its cloning, was
repaired using the lacking part of the ITR from the other
end and followed by transfection experiments as de-
scribed above. The total length of the genome was
6034 nts (GenBank AY461507). The distal 126 nts of
the ITRs could be folded into the typical Y-shaped
hairpin terminals found for many parvoviruses (Fig.
2A). The first 47 nts of the stem are perfectly comple-mentary to nt 80–126, whereas nt 48–79 in the two
asymmetrical arms are GC-rich. Striking is that base pair
#50/62 (shaded in Fig. 2A) is not complementary in
GmDNV and is lacking in JcDNV. Compared to pMl9,
these arms are present in either of two alternative
sequences of 32 nucleotides, ‘‘flip’’ and its reverse
complement ‘‘flop’’. The length of the genome, the long
ITRs, and the configuration of the hairpins are typical of
the members of the Densovirus genus.
One strand contained three ORFs (NS1-3) in its 5V-half.
The first started 112 nts after the ITR and was immediately
followed by two overlapping ORFs of which the initiation
codons were only 4 nts apart (Fig. 2B). The largest ORF
(1635 nts) contained the typical NTPase domain (Fig. 2C)
found in NS1 of the vertebrate parvoviruses. This DNA
strand was designated the ‘‘ + ’’ strand, although both
strands are coding, so that the NS genes were located at
the left-hand side of the viral genome, as for vertebrate
parvoviruses.
The complementary (‘‘ ’’) strand also contained a
large 2.5 kb ORF in its 5V end (ORF4) so that the ORFs
on the opposite strands are only separated by 36 nts in the
middle of the genome. ORF4 starts only 32 nucleotides
downstream of the ITR and contains the phospholipase A2
domain that is typically found in the minor structural
protein of parvoviruses (Za´dori et al., 2001). Analysis of
the viral capsids by SDS-PAGE demonstrated that MlDNV
virions contain four structural proteins (Fig. 3) with a
stoichiometry and molecular mass similar to the GmDNV
structural proteins. ORF4 is 2463 nts long and thus the
only ORF large enough to code for the largest structural
protein, VP1, with a molecular mass of about 90 kDa as
estimated by SDS-PAGE. We have previously shown by
limited proteolysis analysis that the four structural proteins
of GmDNV have common sequences and suggested that
these are coded by overlapping genes (Tijssen and Kur-
stak, 1981). Indeed the mass of each of the four structural
proteins of MlDNV, as determined by SDS-PAGE, corre-
sponded with its predicted mass if translation would be
initiated at the four first initiation codons in ORF4 (ORF
4a, b, c, d) and co-terminate at its stop codon (Fig. 2B).
Interestingly, ORF4d had two possible initiation codons,
AUGNNNAUG, a property shared with members of the
Densovirus genus such as JcDNV and GmDNV (Dumas et
al., 1992; Tijssen et al., 2003) and were designated ORF4d
and ORF4dV.
Transcript mapping
The transcripts of the virus were mapped to examine
the expression strategy of the virus. Northern blotting
revealed two transcripts for the NS genes, one of 2.5 kb
and one of 1.8 kb, and one VP transcript of about 2.6
kb. Interestingly, the ratio of 1.8 over 2.5 kb NS tran-
scripts increased strongly during infection (Fig. 3). Se-
quencing of the RT-PCR products of the 2.5 kb NS
Fig. 2. (A) Hairpin structure of MlDNV resembles those of GmDNV and JcDNV (numbering of GmDNV has been adapted for JcDNV). (B) The genome
organization of MlDNV was deduced from the open reading frames (indicated by cylinders on the transcripts) on the viral genome and the transcript
sequences. pol(A) tails are indicated by wavy lines. The DNA-dependent NTPase (C) and viral phospholipase A2 (D) motifs are also conserved with other
parvoviruses.
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of the ITR and ended at nt 3008. The 1.8 kb transcript
was shown to have undergone splicing between nts 652
and 1357, thereby removing the full NS3 gene that starts
at nt 655 and ends at nt 1347. The tandem initiation
codons for NS1 and NS2 thus became the first AUGs in
the alternatively spliced transcript. Untranslated leadersequences were in both cases about 80 nts. The VP
transcript was found to start 25 nts downstream of the
ITR, indicating that its promoter elements are likewise
located in the ITR, and ended at nt 2952 (Fig. 2B).
Therefore, the NS and VP transcripts possessed a 57 nt
antisense overlap at their 3V ends. No splicing could be
found in the VP transcript suggesting an alternative
Fig. 4. (A) The different MlDNV structural proteins were expressed in a
baculovirus expression vector. The genes were amplified by PCR using
the primers shown, and the amplicons were then cloned into the pFastbac-
1 vector. (B) Separate expression of the viral proteins using the
baculovirus vector yielded virus-like particles (width of micrographs is
70 nm). Western blotting after SDS-PAGE of these particles using
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the four structural proteins.
Baculovirus expression of structural proteins
To confirm the hypothesis that the four overlapping
genes for the structural proteins were expressed by a leaky
scanning mechanism from ORF4, and not by internal IRES
sites or ribosome shunting, the putative genes were ampli-
fied by PCR to eliminate the leader sequences of the four
genes (Fig. 4). Only the 5Vproximal initiation codon was
used for PCR amplification of ORF4d by mutation of the
ORF4dV initiation codon. The amplicons were cloned in a
baculovirus expression vector and the expression products
were analyzed by electron microscopy and Western blot-
ting. All four amplicons produced proteins that auto-assem-
bled into virus-like particles (VLPs) and that reacted with
the antiserum raised against virus in Western blotting
confirming that ORF4 coded indeed for the structural
proteins (Fig. 4). Their sizes were indistinguishable from
those of obtained for the structural proteins of the native
virus. Interestingly, the larger amplicons yielded, in addition
to the expected protein, also proteins with the mass of the
smaller structural proteins in a comparative molecular ratio.
However, the first initiation codon tended to yield more
expression products than in the virus. Also, expression of
VP3 and VP4 yielded background products that were
smaller than VP4 but reacted with the virus-specific anti-
serum. It appeared that the VP4 codon became somewhat
leaky in the absence of the VP1 and VP2 initiation codons.
Phospholipase A2 domain in viral capsid
The phospholipase A2 domain was located in the
unique region of VP1 and is therefore present in a few
antiserum raised to the virus showed considerable leaky scanning
translation. Using VP1 for expression yielded a protein ratio that was
similar to that of the virus. For VP2 and VP3, the first initiation codons
were preferentially expressed. The VP4 initiation codon was somewhat
leaky, although very minor, in VP3 and VP4 expressions.
Fig. 3. Northern hybridization after 30 and 72 h. NS probes revealed two
transcripts (1.8 and 2.5 kb) after 30 h, but relatively more of the 1.8 kb
(spliced form) species after 72 h. M is DIG-labeled marker III (Roche cat
no 1,218,603). These different NS transcript ratios could be due to several
factors, such as mRNA stability, and do not need to reflect regulation of
alternative splicing.copies in the viral particle (Fig. 2B). Its role is unknown
but site-directed mutagenesis of this domain in PPV
showed that it is critical during the viral entry stage of
the nucleus (Za´dori et al., 2001).Discussion
MlDNV adapted surprisingly well to infecting cell
cultures when compared to previous failures with other
densoviruses. One reason could be that this virus is less
stringent in host requirements than many other densovi-
ruses as suggested by its ability to infect a wide range of
insects when, for example, GmDNV infects only G.
mellonella. Nevertheless, the infectivity of MlDNV is not
very high because only up to about 107 viral genome
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time of the cells was about 2.5 days and 15–20% of the
cells were strongly positive by immunofluorescence or
flow cytometry 40 h p.i., about 30% of the cells having
passed through the S-phase, required for viral replication,
were infected (Fig. 1). Continued reinfection was difficult
beyond five passages due to the relatively low yield. We
have observed a similar phenomenon using UT7/Epo-S1
cells and the human parvovirus B19, a notoriously difficult
parvovirus to replicate in vitro (Zhi et al., 2004). Trans-
fection of LD652 cells with the infectious clones yielded
virus that could be used successfully for passaging in cell
culture or for infection of larvae.
In attempts to clone the full-length viral genome into a
pEMBL vector, one noninfectious clone (pMl27), one
(pMl28) with a terminal deletion of 104 nts in the ITR
at the NS end, and one (pMl9) with an extra fragment of
2.4 kb were obtained. The latter two were infectious.
Apparently, the termini of the inserts of these virus clones
are repaired during replication after transfection. A similar
observation was reported for a JcDNV clone that lacked
also about 100 nts at one end (Dumas et al., 1992).
Nevertheless, a modified pMl28 clone, repaired by invert-
ing the central part between the two BamHI sites in the
ITRs and subcloning the NS end into the original clone,
was found to be similarly infectious and suggests that one
full ITR is required for efficient replication. Infectious
clones from densoviruses, obtained when cloning the viral
DNA, usually lack about 100 nts at either end (Dumas et
al., 1992; Tijssen et al., 2003). This may be a cloning
artifact as DNA lacking a terminal hairpin is much easier
to clone. In fact, when viral DNA is digested with
restriction enzymes, complete ITRs are obtained for either
end (Tijssen et al., 2003).
The determination of the sequence revealed a high
degree of similarity in sequence (about 85%) and genome
organization of this virus to JcDNV and GmDNV, in
particular the hairpin sequence of MlDNV closely resem-
bled that of GmDNV (>96% similarity; Fig. 2A). The
transcription strategy of MlDNV was also found to resem-
ble that of GmDNV (Tijssen et al., 2003). Surprisingly, the
TATA-boxes were partially located in the ITRs and there-
fore also all its upstream promoter elements, in contrast to
vertebrate parvoviruses, which raises the question how
temporal regulation of the NS and VP genes could be
achieved if these densoviruses resemble their vertebrate
counterparts in this respect. The small differences between
the TATA-boxes of the NS and VP genes, like those of
JcDNV (Dumas et al., 1992), are probably of little
consequence. This is supported by the finding that the
corresponding promoter elements of the GmDNV genes
are identical and completely included in the ITRs. The
cap-site element (Inr) of different promoters is well con-
served in invertebrates but much less in vertebrates
(Bucher, 1990; Cherbas and Cherbas, 1993). This se-
quence motif around the transcript starts adheres well forboth the NS and VP genes to the consensus sequence (G/
A/T)(C/T)A+ 1(G/T)T (Purnell et al., 1994). The impor-
tance of this Inr motif for positioning of the transcription
start is also suggested by comparing the GmDNV (Tijssen
et al., 2003) and MlDNV transcription maps. Although for
both viruses the ATG initiation codon of VP1 was 29 nts
downstream of the TATA-box, the Inr site was shifted 2
nts closer to this box for MlDNV, and its untranslated 5V-
region was found to be 7 nts long instead of the 5 for
GmDNV. Another downstream promoter element (Kutach
and Kadonaga, 2000), with the consensus sequence of
GNNNAGACGT that is capable of replacing the TATA-
box and that is most effective when the middle G is
positioned at 29 nts downstream of the transcription start,
is absent in both cases. A possible role of the 58 nts
antisense mRNA region in temporal regulation is unclear.
It is also possible that the DNA coding for the long
untranslated region of the NS transcripts (about 90 nts)
contains enhancer sequences that are absent in the short
VP leader sequence (only 7 nts) and that could regulate
the transcription process. Processes at the posttranscrip-
tional level such as pre-mRNA processing, transcript
stability, and translation efficiency could affect temporal
regulation. This is also suggested by the observation, in
non-synchronized cells, that the ratio of the two NS
transcripts may change during the infection. Results by
Qiu and Pintel (2002) indicated that the large Rep protein
of AAV-2, another parvovirus, also increased the ratio of
spliced to unspliced AAV RNA maybe by affecting the
composition of the transcription complex.
Vertebrate parvoviruses use both spliced and unspliced
NS transcripts for translation. MlDNV also uses alternative
splicing for the expression of NS proteins but with a
different strategy. The NS proteins of MlDNV do not
share sequences, in contrast to those from the members
of the Parvovirus genus, because no splicing occurs within
the genes. The alternative expression of NS3 and NS1/NS2
is achieved by splicing in which the unspliced transcript
serves to yield NS3, whereas the spliced transcript directs
the synthesis of NS1 and NS2. The splicing donor site is
immediately upstream of the initiation codon of NS3 and
the acceptor site immediately upstream of NS1, so that
both spliced and unspliced transcripts have an identical
leader sequence except for the last two nts (GT) preceding
NS3. The NS2 gene overlaps NS1 and its initiation codon
starts 4 nts after the initiation codon of NS1 (AUGCAA-
AGAUG). Similarly, RNA-6 of influenza virus B directs
the synthesis of two proteins (integral membrane glyco-
protein and neuramidase) from two initiation codons,
separated by a spacing sequence of 4 nts, by a leaky
scanning mechanism (Shaw et al., 1983; Williams and
Lamb, 1989). This leaky scanning mechanism is context-
dependent (Kozak, 1995), and inefficient adherence to the
first-AUG rule may be influenced by a suboptimal Kozak
context of this AUG. As for GmDNV, the  3 nt of the
initiation codon of NS1 is a U (i.e., T-650) whereas for the
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preceding the NS3 initiation codon allowed it to have a
somewhat more favorable context ( 3 is a G, G-652, but
+ 4 is a T, T-658).
Almost all parvoviruses contain a phospholipase A2
(vPLA2) domain (Za´dori et al., 2001) at the N-terminal of
their minor structural protein. The role of this viral
enzyme, normally catalyzing the hydrolysis of the 2-acyl
ester (sn-2) bonds of phospholipid substrates, in the viral
cycle is not yet clear. It was shown that it is involved in
the transfer of the viral genome from a paranuclear
location to the nucleus. Although MlDNV has very little
sequence identity with these vertebrate parvoviruses, the
vPLA2 domain is highly conserved (Fig. 2D).
The four structural proteins are coded by an unspliced
transcript with a single ORF, suggesting that these pro-
teins are also generated by a leaky scanning mechanism.
The very short leader sequence of VP1 increases the
probability that a fraction of the 40S ribosomal subunits
bypass its initiation codon to start at the next AUG.
However, translation by a leaky scanning mechanism is
rare, in particular for more than two translation products
(Kozak, 1995). Separate expression of these four struc-
tural proteins by replacing their upstream sequences,
potentially harboring IRES or ribosomal shunting
domains, into baculovirus did not change the production
of multiple VPs. Interestingly, replacing the very short
untranslated 5V-region (7 nts) of the MlDNV VP1 tran-
script by the long untranslated region, and placing the
initiation codons in a more favorable context, in the
baculovirus system did not prevent leaky scanning, al-
though the most proximal AUG was more often used for
initiation. There must, therefore, be additional factors that
promote leaky scanning. Parvoviruses from vertebrates
use alternative splicing to express their proteins although
posttranslational modification (limited proteolytic removal
of N-terminal) may also occur and no reports have
invoked leaky scanning. The ACG start codon of VP2
in AAVs can also cause bypassing of ribosomes and the
generation of VP3 at the next initiation codon (Becerra et
al., 1985, 1988). In contrast, leaky scanning has been
suggested for the densoviruses in the Iteravirus genus (Li
et al., 2001; Fe´die`re et al., 2002) and for GmDNV
(Tijssen et al., 2003).
The factors that determine the host range of densovi-
ruses are unknown. The allotropic determinant of some
vertebrate parvoviruses has been located in the structural
proteins (Gardiner and Tattersall, 1988; Bergeron et al.,
1996) and is present on or near the surface of the virion
(Simpson et al., 2002). The availability of infectious
clones for MlDNV and GmDNV, which differ in their
host range, and the possibility of transfection of cells to
produce infectious virus now enable us to create chimerae
between these infectious densovirus clones and study
their phenotype, such as their host-range, in vitro and
in vivo.Materials and methods
Production and purification of MlDNVand isolation of viral
DNA
S. littoralis larvae, which can be conveniently reared in
the laboratory, were used for the production of the virus that
was then purified according to standard methods (Dumas et
al., 1992). DNA was extracted from virus particles after
dialysis against a buffer containing 50 mM Tris–HCl, pH
8.0, 200 mM NaCl, and 10 mM EDTA by the proteinase K
method. Sarkosyl was added to 2% and proteinase K to 200
Ag/ml, and the sample was incubated for 2 h at 50 jC. This
was followed by the standard phenol/chloroform extraction
procedure and ethanol precipitation.
Cloning of viral DNA
The viral DNA hybridized upon extraction was blunt-
ended using Klenow and T4 DNA polymerase (10 U each
with 300 ng DNA and 35 AM dNTPs in 50 mM Tris–HCl,
pH 8.0, 5 mM MgCl2, and 10 mM DTT), heated for 15 min
at 70 jC, and then ethanol-precipitated. The viral DNAwas
then cloned into pEMBL(19)+ that had been digested with
HindII, and rec Sure2 bacteria were transformed.
Sequencing and analysis of MlDNV DNA
The cloned genome was sequenced in both directions by
primer-walking using an ABI310, according to the manu-
facturer’s instructions. The terminal hairpins yielded com-
pressions that were difficult to read; however, prior
treatment with either AlwNI or BstUI restriction enzymes
(that cut in the hairpin) yielded clean sequence reads.
Isolation and Northern blots of viral RNA
Total RNA was isolated from infected larvae and trans-
fected, LD652 cells, 48 h p.i., by the method of Chomc-
zynski and Sacchi (1987) and subjected to an mRNA
purification using an mRNA Isolation Kit (Roche). mRNA
was submitted to electrophoresis in 1% formaldehyde–
agarose gels and blotted onto positively charged nylon
membranes (Roche). The blotted membranes were incu-
bated overnight at 65 jC with the Dig-labeled probes (2 kb
NS probe obtained by PCR amplification between nts 650
and 2650, whereas the 1.4 kb VP probe was amplified
between nts 3150 and 4550 of the MlDNV genome).
Hybrids were identified with the chemiluminescence
(CSAPD) kit from Roche and exposure for 3 h of BioMax
Film (Kodak) to the membrane.
Mapping of 5V- and 3V-ends of viral transcripts
The most probable location of the transcripts was pre-
dicted. The 3V-RACE system (Frohman et al., 1988) was then
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lated transcripts as predicted from the open reading frames
obtained by sequence analysis. A primer (RNA-TAG: 5V-
GGG TCTAGA GCT CGA GT(17)) was synthesized, which
would recognize poly(A)-tails and serve as the primer for
reverse transcription. Primers upstream of putative
AATAAA polyadenylation sites and the ADAP primer (as
RNA-TAG but lacks 3V-terminal 16 T) were then used to
amplify the 3V-ends of the viral transcripts.
Similarly, primers at different distances from the puta-
tive transcription starts were used to generate cDNA using
AMV reverse transcriptase. The cDNA was dA-tailed using
terminal transferase after degradation of the RNA by
RnaseH. Using internal DNV-specific primers and the
RNA-TAG/ADAP primers, amplification by PCR was
achieved as above.
Restriction sites that were appended at the 5V-end of the
primers were used to clone the amplicons. The cloned
segments were then submitted to automatic dideoxy se-
quencing as described above.
Expression of structural proteins by the baculovirus system
Potential initiation codons were identified for the VPs
(the first five AUGs in ORF4). Each of the potential coding
sequences was cloned into the Autographica californica
nuclear polyhedrosis virus (AcNPV) downstream of the
polyhedrin promoter by the Bac-To-Bac Baculovirus ex-
pression system (GIBCO-BRL) developed by Luckow et al.
(1993) according to the supplier’s instructions.
The following primers were synthesized to obtain by PCR
amplification the potential structural protein genes (homolo-
gous viral sequences are in caps): MLVP1 gtgggatccaaTTAG
TCAGTATGTCTTTCTACACGAGCG, MLVP2 gtgggatc-
cacaATGTCACGTCATATTAAT, MLVP3 gtgggatcca-
caATGCAAGAGCCAACGAAACG, and MLVP4
gtgggatccACAATGGCCA TaTCAT TACCTGGA, as for-
ward primers and MLVPR CACGTCGACTTGCTTTT-
CAAGAAGCTCCT as the reverse primer. The ability of
the expressed capsid proteins to form virus-like particles was
assessed by electron microscopy. These proteins were also
analyzed by SDS-PAGE (Laemmli, 1970) and Western
blotting (Towbin et al., 1979) and compared to the structural
proteins from the virus.
Transfection of MlDNV clones
Transfection of insect cells was carried out using the
DOTAP transfection kit (Roche). For this purpose, 2 Ag of
pMl28 (infectious clone of the virus genome in pEMBL(19)
vector) precipitated with 10 Ag DOTAP in 1 ml of serum-
free medium for each well of 6-well plates containing a cell
density of about 7  105 cells per 9-mm well in 6-well
plates. Transfection of larvae was achieved by inoculation,
10 Al/larve, of a suspension containing DNA at 150 Ag/ml
that was precipitated with DEAE-dextran (2 mg/ml).Acknowledgments
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